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(57} ABSTRACT

A method and apparatus are disclosed for chemical
analysis of specimens in order to detect the presence
and percentages of given chemical elements (C, N, H, S
and O) therein. Said spectmen is subjected to known
chemical treatments in order to reveal said elements,
which elements are detected and revealed as peaks of a
curve traced by the apparatus, each peak corresponding
to an analyzed and detected element.

The surface area of each element peak is then correlated

with that of the other element peaks in order to obtain
a serles of ratios between said areas. ”

Such ratios are then compared, for each element pairs,
with an experimentally determined graph which is valu-
able for each element pair in all specimens and gives a
ratio between the numbers of atoms of said element pair,
so that from said ratios between the numbers of atoms of
all analyzed and detected elements, a reduced formula
of the specimen composition may be obtained. When
the specimen is weighed, besides said reduced formula,
it is possible to statistically locate a probable composi-
tion for the residue of the specimen molecule.

8 Claims, 3 Drawing Figures
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1

METHOD AND APPARATUS FOR CHEMICAL
ANALYSIS OF SPECIMENS

BACKGROUND OF THE INVENTION

1. Field ot the Invention

This invention relates to a method and apparatus for
carrying-out a chemical analysis on organic¢ or inor-
ganic compounds and substances, for instance in the
field of pharmaceuticals and in all synthesis methods
wherein microspecimens are to be chemically analyzed.

More specifically, this invention relates to a method
and apparatus allowing to detect the presence of prede-
termined chemical elements, as C, N, H, S and O in the
analyzed specimens, to obtain proportionality ratios
between said elements and the percentage of each ele-
ment within the whole specimen, as well as some indica-
tions to statistically determine elements or groups of
elements that are present in the residue of the specimen
molecule besides those specifically and individually
detected. |

2. Description of the Prior Art

The known prior art comprises analysis methods
allowing the detection of the percentages of well de-
fined chemical elements, usually the abovestated ones,
within the whole specimen and then to obtain a so
called “reduced formula’, wherein the atomic ratios
between said detected elements are given. The above-
stated known methods always involve a weighing oper-
ation of the specimen to be analyzed, and then a series of
chemical treatments on said specimen in order to deter-
mine and detect the presence of said elements. The
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apparatus gives an out-put curve having a sequence of 3

peaks, each relating to a given element. This curve
allows the obtaining of the desired results by calculating
the areas as defined by each peak above a given
“ground” level and correlating the value of each area
with the specimen weight and with an experimental
factor in order to obtain the percentage of the corre-
‘sponding element in the analyzed specimen. In other
words, for each chemical element, there is previously
determined an experimental factor by which the follow-
ing parameters are correlated: specimen weight, per-
centage of the element in the specimen and area of the
related peak. Such factor is obtained by means of an
analysis carried-out, under the same conditions, on stan-
dard specimens containing known element percentages.
Thereafter, the analysis may be repeated on an un-
known specimen and said factors are used in order to
calculate the percentage of each element within said
specimerl.

However, such known systems show certain draw-
backs that are avoided according to the present inven-
tion.

In particular, such known systems always require a
previous weighing operation of the specimen to be ana-

lyzed, said operation involving a considerable loss of g,

time, requiring highly qualified operators, introducing
possible errors and resulting in'an impossibility in some
instances, for example when specimens having volatile
substances are to be analyzed. Further, said known
systems do not allow exploitation of the weighing oper-
ation in order to obtain further elements from the analy-
sis and in particular to obtain a statistic location of the
molecule portion not directly analyzed and detected.
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OBJECTS OF THE INVENTION

Accordingly, an object of this invention is to provide
an improved method and apparatus for carrying-out
analyses of the type referred-to, wherein said “reduced
formula” may be obtained without any specimen weigh-
ing operation. method and apparatus of the described
type wherein, when specimen weighing operations are
carried-out, a more complete determination of the mol-
ecule components is made and in particular a statistical
location of the molecule “residual®, i.e. the not directly
detected elements.

SUMMARY OF THE INVENTION

The above and further objects are attained by a
method comprising well known chemical treatments
(for instance combustion or pyrolysis, reduction, gas-
absorption, gas-chromatography treatments) on the
specimen to be analyzed in order to obtain a curve
wherein each of a number of predetermined elements
within said specimen is defined by a peak above a pre-
set “ground” level, said peaks involving an actual pres-
ence within the specimen of said well defined elements
each of which is identified by the relative peak position
as obtained by said specific element detecting chemical
treatments, the improvement comprising the steps of
obtaining values proportional to the single surface areas
as defined by said peaks above said ground level, each
value corresponding to a well defined chemical ele-
ment; of correlating pairs of said values with each other

in order to obtain first ratios between the values as
obtained by integrating the peak surface areas corre-

sponding to pairs of chemical elements; of obtaining
second ratios from said first ratios, as a function of pre-
determined proportionality factors between said first
ratios and the ratios between the numbers of atoms
(atomic ratios) of each considered chemical element
pair within the specimen, so to obtain a “reduced” for-
mula of the analyzed substance or compound, wherein
each element, the presence of which in the specimen has
been detected by a peak having a discrete useful area, is
identified in terms of a ratio between numbers of atoms
of said element and another detected one so that a cor-
relation between the numbers of atoms of all detected
and analyzed chemical elements is obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagrammatic view of an apparztus for
carrying-out the method according to this invention.

FIG. 2 is an example of a curve as obtained by chemi-
cally tireating a specimen, said curve showing the pres-
ence of given chemical elements.

F1G. 3 is a graph showing the correlation between
the ratios of the peak areas relating to two chemical
elements and the atomic ratios between the same ele-

ments.

DESCRIPTION OF THE PREFERRED
| EMBODIMENTS

Referring now to FIG. 1, the illustrated apparatus

‘comprises a gas-chromatographic analyzer adapted to

carry-out analyses on specimens which are introduced
at 10 and fed to a reactor device 12 together with he-
lium (fed at 14) and oxygen (at 16) in order to chemi-
cally treat the same and obtain an effluent 18 which is
thermally conditioned at 20 and then fed to a ther-
moconductivity detector 20, together with a reference
value, through line 22.
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As well known, at the outlet of said thermoconduc-
tivity detector 20" a signal is obtained that 18 fed to a
control unit wheretn said signal 1s recorded at 26 and
fed to a processing unit 28. This processing unit 28
comprises an analogic-to-digital convertor 30, an inter-
face unit 1/0 32, three units ROM 34, CPU 36 and
RAM 38 and a computer unit 48. At the outlet, a con-
trol panel 42 and a display 44 for displaying the analysis
results are provided for.

Said unit 28 may be fed with specimen weight data,
which are detected by a balance 4% and fed to said
interface unit /0O through a feeding unit 48.

The electric signal, coming from said detector, 1s 1n

the form of a curve showing a plurality of peaks, each of

which represents a given chemical element, said curve
being shown at 26 in FIG. 1 and more clearly, accord-
ing to an example thereof, in the graph of FIG. 2,
wherein the peaks respectively correspond, irom the
right side to the left one, to My, COr, H2O and $0;. The
first operating step as carried-out by the apparatus is an
integration of said peaks, on the basis of given factors in
order to take into account a “ground level” a “slope
sensitivity” and a “lag time.”

In other words, said integration i1s carried-out after
definition of a ground level or “‘analytical white,” as
obtained by carrying-out a complete analytical proce-
dure without a specimen. The value so obtained, which
is referred to as “analytical white,” is automatically
determined and then subtracted to the integral value as
obtained for each element in the specimen. This *ana-
Iytic white” value may be also introduced by a key-
board on the control panel.

Another integration factor is that called *‘slope sensi-
tivity” which can be automatically obtained and/or
introduced by said keyboard in order to select the peaks
to be integrated [rom possible curve slope variations,
which variations are not due to the presence of a given
chemical element.

Finally, said “lag time,” which is the time elapsed
from the analysis cycle and curve tracing starting point
to the starting point of detection of a given specimen
clement, allows the identification of each specimen
element by correlating said element with a given peak.

Said “lag time” may be automatically determined or
introduced by said keyboard and, as it may vary, a
further function “percentage change of lag time” 1is
introduced by keyboard in order to always exactly
identify each peak. The above integration may be car-
ried-out by computer units as well known to those
skilled 1n the art.

The values obtained by said integration are then pro-
cessed by comparing the same both with each other and
with experimentally obtained conversion factors in
order to supply the required analysis results, i.e.: per-
centage of detected elements, reduced formula and
probable composition of residual elements if the speci-
men has been weighed, or only reduced formula if the
specimen welghing operation has not been carried-out.

More exactly, when the specimen is not weighed, it
has been ascertained and experimentally confirmed that
the ratios between said peak integrals are always pro-
portional to the number of atoms of the detected ele-
ments within the specimen molecule, according to the
formula:
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wherein R 1s the reguired ratio between the numbers of
atoms of two given elements M and M, AM and AN are
the peak integral values relating to said elements M and
I and calculated as previously stated, and a and b are
the coefficients of a straight line (in a graph AM/AIN;
R(M/IN)) which can be experimentally obtained once

and introduced into the analyzer unit. The above for-
mula 1s shown as an example in F1G. 3 wherein a graph

relating to the ratios between elements C and & 15 de-
picted. More exactly the abscissae of said graph show
the ratios between peak surface areas or integrals for
COr/ 50, while the ordinates show the C/S atom num-
ber ratios. For instance, if the ratio CO32/50-> 15 9 in the
analyzed specimen, according to said graph of FIG. 3,
the atomic ratio C/% 1s 10, 1.e. the analyzed specimen
has ten carbon atoms for each sulphur atom. A graph of
the type shown 1in FIG. 3 may be experimentally ob-
tained for each chemical element pair from a series of
known specimens, said graph being then introduced
into the apparatus store in order to allow a data process-
ing by comparing each element pair peak ratio with one
of said graphs.

The above method according to this invention has
been used, 1n order to verity the precision thereof, on
non-weighed specimens of well known substances, ac-
cording to the following examples:

EXAMPLE 1
Benzoic Acid CrHgOA

The peak integral values are:

COr=1002725

HyO==239042

The area or integral
HyO=1002725/239942 =4.18

By means of a graph C/H of the type as shown in
FIG. 3 the atomic ratio C/H may be determined.

According to said graph, said value 4.18 (peak ratio)
corresponds to a value 1.17 (atomic ratio), 1.e. each H
atom corresponds to 1.17 C atoms and then the reduced
formula may be CyHg.

ERXAMPLE 2
Isatin CgH MO,

The peak integration values are:

My=43631; CO=797436; HyO=140985

The integral ratios are:

CO2/Ny=T97436/43651 =18.27

CO2/HryO=797436/140985=15.66

On a graph /I it may be ascertained that a value
18.27 (integral ratio) corresponds to a value 8§ (atomic
ratio) and then that 8 carbon atoms are present in the
specimen for each nitrogen atom.

On a graph C/H it may be ascertained that a value
5.66 (integral ratio) corresponds to a valuel.60 (atomic
ratio) and then that 1.60 carbon atoms are present in the
specimen for each hydrogen atom (Csls or Cigklio. . ).

value ratio i1s: COy/-

Accordingly, the reduced formula is CgHsM.
EAAMPLE 3
Cystine CeH 1pINH2Oydo

Peak integral values:
No=63174; CO,=445570;
SO, =172162.
Integral ratios:
CQOn/MMy=445570/63174 =7.05

F1,0 = 244989;
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CO2/H,0 =445570/244989=1.82
CO,/S0,=445570/172162=2.59

To value 7.05 (integral ratio) corresponds a value 3
(atomic ratio), i.e. for each N atom the molecule
contains 3C atoms (N,Csp)

To value 1.82 (1ntegral ratio) corresponds a value 0.50
(atomic ratio), i.e. for each C atom the molecule con-
tains 2H atoms (C.H) =

To value 2.59 (mtegral ratlo) corresponds a value 3

- (atomic ratlo--graph of FIG. 3), i.e. for each S atom

the molecule contains 3C atoms (8,Csn).

Accordingly, the reduced formula is (C3HgNS),.

From the above examples and from what precedes it
is now evident that the illustrated method has some
advantages with -reference to known methods and
namely it allows the determination of specimen without
weighing operations, without the influence of any or-
ganic residual on the ratios, without the influence of
volatile substance losses during weighing and without
any difficulty for weighing liquid substances.

Further, it allows the obtaining of good results also
when volatile substances are analyzed and the reductlon
of the analysis time.

As previously stated, the apparatus according to this
invention allows also for the carrying out of an analysis
wherein the specimen weight W is introduced. In such
a case, the apparatus processes the conversion factors
on the basis of standard specimens having a known
content, which are subjected to the same analysis as the
examined specimens. For each standard specimen and
for each chemical element a conversion factor may be
obtained, as follows:

Kil=(W1 Pi11%)/Ail

wherein:

Kil=conversion factor of element 1 within standard
specimen 1

W1 =weight of standard specimen 1

Ail =surface area of the peak relating to element 1
within standard specimen 1

P11% =Known percentage of element 1 within standard
specimen 1.
For each element 1, different factors kil are statistically
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processed in order to obtain an average factor ki. From

such average factor ki and from the peak integral values
of the elements within the analyzed specimen, it is possi-
ble to obtain the percentages of each element within
sald analyzed specimen:

Pi% = KL’; f
wherein
P1% =percentage of element 1 within the analyzed spec-

imen

W =weight of the analyzed specimen

Ai=integral value of the peak relating to element 1
within the analyzed specimen. |
From the knowledge of the chemical element atomic

weights Pa, the following ratios are obtained:

t=(Pi1%)/(Pai)

wherein 1=C, H, N and S
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6
" The minimum value i min between the above ratios
allow the obtaining of the requlred atomro ratlos one of

whlch is of course 1:

- 1€ _iH N - IS
i min i min ~ imin i min

in order to obtain the specimen reduced formula.
Always with weighed specimens, it is possible to

obtaln the moleoule resrdual R 1.e. the difference from |

100 | |

Such’ value ‘allows the obtaining of indications on the
probable molecule residual contents, on the basis of a
number x which is equal to the number of atoms times
the atomic weight of the elements formrng said mole-
cule remamder

 R:100=x:(M+x)

wherein

M =e¢ni Pai _

ni=number of atoms of the analyzed elements
Pai=atomic weight of the analyzed elements

Accordingly

R:(100—R)=x:(M 4-x—x)

R:el P1% =x:M |

x=(RM)/(e1 Pi%)

The following experimental table allows the ldentlﬁca-
tion of a probable composition of the molecule remain-
der.

From what precedes it 1s now evident that a new
method is provided according to this invention, allow-
ing the carrying out of both the analysis of specimens
without weighing operations and a more complete anal-
ysis of weighed specimens with reference to preceding
analysis methods of weighed specimens. It 1s to be un-
derstood that various changes and modifications may be
introduced by those skilled in the art, without departing
from the spirit and scope of the present invention.

TABLE
16 O 66.42 PCl 95 - Fs
19 F 67 OsF 05.91 OBr
23 . Na 67.45 OHCl 98.91 FBr
3097 P 70 F>0s 99.45 04Cl
32 0, 7090 Cb 101.87 PCI
35 OF 71 O3Na 102.90 0>Cl
3545 C(Cl 76 F4 103 OsNa
38 F2 7794 P>O 106.35 Cls
39 ONa 78 O2Nay 108.90 F2Cl>
4697 PO 7897 POs 110.97 PO¢
48 - O3 7991 Br 111.91 OsBr
31 O»F 83 O4F 114 Fe
5145 OCI 83.45 0O3Cl 115.36 CIBr
54 OF, 86 O;3F> 115.45 0O;5Cl1
5445 CIF 86.91 OCly 117.91 F,Br
55 O, Na 87 O4Na 118.91 0;Cl>
57 F3 §9.90 FCI 122.36 OCl;
58.45 NaC(Cl 9390 CI;Na 126.90 |
62.97 POy 93.94 POy 126.97 PO¢
64 Q4 94.97 POy 127.91 O;3Br
We claim:

1. A method for determining the reduced atomic
ratios of C, N, H and S in a substance, said method
comprising (1) decomposing the substance into com-
pounds corresponding respectively to the C, N, Hand S
atoms in such substance; (2) separating said compounds;
(3) detecting the respective amount of each separated
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compound and providing continuous outputs whose
values form a curve having peaks defining an area
thereunder, said peaks having positions along said curve
identifying the compounds and said area under each
identifying peak defining the amount of the compound
represented by each identifying peak; (4) determining
the area under each identifying peak to obtain an experi-
mental area value for each compound, (5) storing said
experimental area values in a memory; (6) selectively
reading out pairs of said experimental area values from
said memory; (7) determining experimental area ratios
from said pairs of experimental area values; (8) storing
predetermined correlations between (a) predetermined
ratios of peak areas for pairs of said compounds and (b)
reduced atomic ratios representing the ratios of the
numbers of C, N, H or S atoms in said pairs of said
compounds; and (9) determining the experimental re-
duced atomic ratio of the number of C, N, H and S
atoms in said substance from said experimental area
ratios and said stored predetermined correlations.

2. The method of claim 1, wherein the detection of
the respective amount of each separated compound 1s
accomplished by a thermoconductivity detector at-
tached to a gas chromatographic column, which col-
umn is used to separate the compounds.

3. A method according to claim 1, wherein said sepa-
rating is accomplished by gas-chromatography.

4. A method according to claim 1, wherein said pre-
determined correlations are obtained from a previously
and experimentally obtained curve, wherein the peak
area ratios are correlated with said atomic ratios for
each detectable chemical element pair.

5. A method according to claim 4, wherein said ex-
perimentally obtained curve is a straight line.

6. An apparatus for determining the reduced atomic
ratios of C, N, H and S in a substance, said apparatus
comprising (1) means for decomposing the substance
into compounds corresponding respectively to the C,
N, H and S atoms in such substance; (2) means for sepa-
rating said compounds; (3) means for detecting the re-
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8

spective amount of each separated compound and pro-
viding continuous outputs whose values form a curve
having peaks defining an area thereunder, said peaks
having positions along said curve identifying the com-
pounds and said area under each identifying peak defin-
ing the amount of the compound represented by each
identifying peak; (4) means for determining the area
under each identifying peak to obtain an experimental
area value for each compound, (5) memory means for
storing said experimental area values in said memory
means; (6) means for selectively reading out patrs of said
experimental area values from said memory means; (7)
means for determining experimental area ratios from
said pairs of experimental area values; (8) read only
memory means for storing predetermined correlations
between (a) predetermined ratios of peak areas for pairs
of said compounds and (b) reduced atomic ratios repre-
senting the ratios of the numbers of C, N, H, or S atoms
in said pairs of said compounds; and (9) means, respon-
sive to said means for determining experimental area
ratios and to said read only memory means, for deter-
mining the experimental reduced atomic ratio of the
number of C, N, H and S atoms in said substance from
said experimental area ratios and said predetermined
correlations.

7. An apparatus according to claim 6, wherein said
means for separating is a gas chromatography appara-
tus.

8. An apparatus according to claim 6, wherein said
means for separating said compounds comprises a gas
chromatographic column and said means for detecting
comprises a thermoconductivity detector attached to
said gas chromatographic column for detection of sepa-
rated compounds passing through said column, said
thermoconductivity detector cooperating with a con-
trol unit and a recorder so that the output values from
said thermoconductivity detector for each separated
compound are graphically displayed as a peak above a

predetermined ground value.
*x Kk * kX
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